The importance of predation on prey populations is mainly determined by the number of eaten prey. However, the total impact of predation might also be determined by the selection of certain prey individuals, e.g., different sexes or age categories. Here we tested selective predation by an avian predator, the pygmy owl (Glaucidium passerinum (L., 1758)), on bank voles (Myodes (Clethrionomys) glareolus (Schreber, 1780)). We compared the sex, age, and mass of hoarded prey with the animals snap-trapped from the field. There were no differences in the sex ratio between hoarded bank voles and those available in the field. However, hoarded voles were significantly younger than ones in the field sample. There was no statistically significant difference in mass between animals from larders and from the field. We suggest that the greater vulnerability of younger animals to predation might be due to their higher activity, or alternatively, they might be forced to forage in less safe habitats.
Introduction
Predators usually take socially subordinate individuals, which are in poor condition and (or) young (Errington 1956; Hudson 1986; Temple 1987) . For example, avian predators feeding on shrews and voles often catch smaller individuals and males (Lagerström and Häkkinen 1978; Korpimäki 1985; Halle 1988; Mappes et al. 1993; Koivunen et al. 1996a Koivunen et al. , 1996b Christe et al. 2006) . However, other studies have reported that young females have a higher probablity of being preyed upon than smaller individuals or males (Longland and Jenkins 1987; Dickman et al. 1991) . Smaller animals usually have lower social status than larger animals, which forces them to move and forage in less profitable or safe habitats. Furthermore, the greater vulnerabily of smaller animals might be related to age-specific behaviour. For example, young small-mammal males disperse more frequently (Ims 1989) , which increases their risk of predation. However, accurate age determination is a problem with many small-mammal species, so the smaller prey are usually considered the younger ones in the previous studies.
We tested the hypothesis that sex, age, and mass of bank voles (Myodes (Clethrionomys) glareolus (Schreber, 1780)) affect their predation risk by the generalist avian predator pygmy owl (Glaucidium passerinum (L., 1758)) in late autumn and early winter. We expected that younger and lighter bank voles, especially the males, would be predated more often than expected according to their availability in the field.
Materials and methods

Study species
The bank vole is a common mammal in coniferous forests of northern Europe (Stenseth 1985) . The breeding period in central Finland lasts from May to September (Koivula et al. 2003) . Pregnancy lasts between 19 and 20 days and pups are weaned until they are 3 weeks old (Mappes et al. 1995a) . Reproducing female bank voles are territorial, whereas males and nonbreeding individuals are not since their home ranges overlap (Bondrup-Nielsen and Karlsson 1985; Mappes et al. 1995b; Koskela et al. 1997; Jonsson et al. 2002) .
The pygmy owl is a generalist predator (Kellomäki 1977; Solheim 1984; Suhonen 1993; Halonen et al. 2007; Suhonen et al. 2007) , because it exploits a wide range of food items. It also hoards food during late autumn and early winter, thereby improving its survival when food is more scarce, i.e., during mid-winter (Solheim 1984; Källander and Smith 1990; Suhonen 1993; Halonen et al. 2007; Suhonen et al. 2007 ).
Study site and procedure
The research was carried out in Konnevesi, central Finland (62837'N, 26820'E) , during autumns and winters of 1990-1991 and 1991-1992 . One hundred and five foodhoarding boxes (21 groups (or plots) of 5 boxes each) were placed in the winter territories of pygmy owls around Konnevesi. The distance between each plot varied from 5 to 7 km, which prevented the same owl from hoarding in two different plots simultaneously. In the plots, boxes were placed near each other so as to prevent the territorial owls from sharing caches with other owls. The entrance hole of each box was 45 mm in diameter, which is wide enough only for the pygmy owl (Solheim 1984; Halonen et al. 2007; Suhonen et al. 2007) .
Hoarding boxes and their contents were checked at least twice a month from the beginning of October to the end of April each year. Bank voles hoarded by pygmy owls were exchanged with similar individuals that were toe-clipped to allow for the monitoring of consumption of stored prey Suhonen et al. 2007 ). We only considered the bank voles in detail, although birds and other species of mammals were found in the hoarding boxes as well.
The density of bank voles in the field was estimated each year in the beginning of October by snap-trap captures (see Halonen et al. 2007 ). To monitor the availability of prey reliably, trappings were done in three different habitats: abandoned field, spruce forest, and young deciduous tree forest. The total number of trap-nights was 900 and was the same every year. Abundance is given as the number of bank voles caught each autumn. Only the winters of 1990-1991 and 1991-1992 are used in the analysis, as there were sufficient numbers of bank voles both in the field and in hoarding boxes for data comparisons. Voles from hoarding boxes and snap traps were weighed with a Pesola 1 spring balance to the nearest 0.1 g. Autumn density of voles (Myodes (Clethrionomys) and Microtus Schrank, 1798 voles together) per 100 trap-nights was 9.3 in 1990 and 23.1 in 1991 (for more details about the voles killed by pygmy owls in our study area see Suhonen 1993 and Halonen et al. 2007 ).
Reasonably accurate age determination of small mammals has proven possible only in the case of Myodes (Clethrionomys) species, which can be determined from the teeth (Lowe 1971; Viro 1974; Mihok 1980; Gustafsson et al. 1982) because the roots continue growing throughout the life of the animal. Age determination is based on the first lower molar in the mandible or the second upper molar in the maxilla (Zejda 1977; Gustafsson et al. 1982) . The proportion of the length of separate roots or the ratio of root length to length of the entire tooth have been used. To control the accuracy of measurements, staining solution injections were also used (Lowe 1971) .
We used root measurements of the first lower molar tooth on the right and left mandibles to determine the age of the bank voles (for details see Gustafsson et al. 1982) . The heads of individually marked bank voles were boiled to make the removal of teeth easier. The length of the tooth roots were measured under the microscsope to the nearest micrometer (mm). The mean length of the tooth roots were highly correlated with age when 15 bank voles, whose exact ages were known, were tested with regression analysis. This regression (age = 4.975 + 0.489 Â length of tooth roots (mm), r 2 = 0.81) was then used to calculate the ages of all bank voles. Age-determined animals originated from the same population of bank voles as the hoarded and snaptrapped individuals; they also had similar developemental conditions in nature. We noted that the age of very young animals (<30 days) could not be measured from teeth because the neck structure of the tooth had not yet formed. In the snap-trapping sample, there were four voles that were younger than 30 days, as no neck structure was found in their teeth; thus, they were aged to be 25 days old.
Since the hoarded bank voles were found later than those snap-trapped in the field, the ages of hoarded voles were corrected to account for this time difference. Based on when the animal was found in the box and when the box was last checked, the age (based on tooth length) was reduced to be comparable with the age of the vole at the beginning of October when the snap-trapping was done. For example, the age of a bank vole collected from a hoarding box on 9 November was calculated to be 113 days. Boxes were checked on 2 November; the median day of two visits was considered to be the day of capture (in this case 6 No- vember). The corrected age of 79 days, which is comparable with the age at the beginning of October when the snaptrapping was done, was obtained by subtracting 34 days from the estimated age of 113 days. The body mass and corrected ages of bank voles from the field and hoarding boxes were compared using a Student's t test. Differences in sex ratio of bank voles between hoarded individuals and those snap-trapped in the field at the same time were tested using a log-likelihood test.
Results
There were no differences in the sex ratio of the bank voles trapped from the field and the larders of pygmy owls (winter 1990-1991 : G 2 = 0.38, df = 1, p = 0.54; winter 1991-1992: G 2 = 0.6, df = 1, p = 0.44; Table 1 ). In both winters, there were no differences in body mass between snap-trapped bank voles from the field population and from the larders of pygmy owls (Table 2) .
Bank voles from larders of pygmy owls were significantly younger than those trapped in the field (Table 1) . During the winter of 1990-1991, the absolute ages of bank voles varied from 42 to 143 days. After correction (see Materials and methods), the oldest vole was 134 days and the youngest was -3 days. There was one individual, whose age estimate was below 0 day. It was taken from a hoarding box in January and its age was subtracted by 101 to match the date of snap-trapping in October. Its absolute age was 104 days, indicating that it had been born very late in autumn; this result is consistent with reports of late autumn or winter reproduction in bank voles (Larsson et al. 1973) . During the winter of 1991-1992, absolute ages varied from 29 to 180 days. After correction, the maximum age was 180 days and the minimum was 27 days (Table 1 ).
Discussion
Although most early studies of small-mammal predation by birds of prey have shown that males are the more vulnerable prey sex (e.g., Southern and Lowe 1968; Lagerström and Häkkinen 1978; Korpimäki 1985; Halle 1988; Mappes et al. 1993; Koivunen et al. 1996a) , we failed to find evidence for male-biased prey selection by pygmy owls. Only a few early studies have documented no sex preferences in predated voles by birds of prey (Boonstra and Krebs 1977; Koivunen et al. 1996b) . A greater proportion of males dispersing to new, perhaps poorer, habitats is the reason for male dominance in the diet of avian predators (Korpimäki 1985) , especially during the breeding season. Outside the breeding season, the proportion of males decrease, which may explain why there was as many male and female bank voles in the larders of pygmy owls. Also, several studies have shown that avian predators capture lighter voles compared with the ones available in the field (Mappes et al. 1993; Koivunen et al. 1996a Koivunen et al. , 1996b ; we found no evidence to support this result. An explanation for this difference in results may be that the previous studies were done during the breeding season (i.e., late spring and early summer), while our study was done during late autumn and early winter.
Young bank voles seem to be more vulnerable to avian predation. Previous studies have shown that younger, smallmammal females are the most vulnerable to avain predators (Longland and Jenkins 1987; Dickman et al. 1991) . Young individuals disperse more and are considered subordinates, which are often forced to forage in more open habitats (Dickman et al. 1991) . There were no bank voles younger than 30 days in the caches, probably because there were only a few of them in our study area during our study period and because birds of prey were not able to find such young small mammals (Korpimäki and Norrdahl 1991) . Behaviour of younger animals can be different from older animals and thus attract more attention. Juveniles may lack the experience and sensory skills to avoid predators.
The social structure of all Myodes (Clethrionomys) species involve exclusive female territoriality (Bujalska 1985) . Mature females have territories without mature or immature males; dispersal in Myodes (Clethrionomys) species is highly male-biased and all mature males leave their natal range (Ims 1989) . Some females stay and reproduce in the natal range, while others disperse and then avoid other females as much as possible (Ims 1989) . Males have larger home ranges than females, which increases their mobility. The numbers of pygmy owls hoarding food and the amount of food items varied according to the density of bank voles. Density-dependent predation is thought to dampen population cycles (Murdoch and Oaten 1975) .
A major assumption of our study is that the estimation of available prey (snap-trapped individuals) is randomly sampled from the prey population. If a different age class is more susceptible to snap-trapping, a pattern may result even if the pygmy owls are randomly selecting from the prey population. Biased trappability is a general problem in field studies of small mammals. Individual differences in trappability can be estimated using long-term live-trappings, which could not be done in our case since our bank voles were snap-trapped. Future studies should focus more effectively on this possible artefact of the present study.
In conclusion, predation by the pygmy owl is strongly biased towards young bank voles. Young animals are subordinates, and in particular, females do not always breed. Since predation is not directed towards older and breeding females, the dampening effects of density-dependent predation might decrease. More research is needed to explain how predation towards different age classes affects population dynamics of prey.
